Between 2.5 and 4 days of development, cell proliferation in the Xenopus eye becomes confined to a narrow ring of germinal cells at the front rim of the eye cup. Continued growth of the eye (which lasts until well beyond metamorphosis) is by the continued proliferation of cells in this germinal zone. To determine what factor(s) promotes cell division in this region of the eye long after it ceases at the back of the eye (near the optic nerve), we have transplanted small groups of eye cells from pigmented donor embryos into the eyes of albino hosts, transposing cells from the mitotically quiescent back of the eye to the germinal zone and vice versa. Regardless of their position of origin in the donor eye, only implants into the host germinal zone behaved like germinal cells-as assayed in the living growing eye by the addition of black tissue to the pigment retinal epithelium. Conversely when donor germinal cells were implanted into the back of the host eye, they ceased dividing once they became integrated into the eye and remained as a tiny black spot on the back of the host eye. This suggests that local environmental cues, rather than intrinsic cellular determinants, specify the fates of eye cells ensuring that cells on the eye rim will continue to function as germinal cells while others will withdraw from the cell cycle.
The development of many vertebrate organs is marked by the withdrawal and terminal differentiation of some cells while others continue to divide often for considerable periods of time. It is the specialized role of such germinal cells to add new terminally differentiated cells to the organ in an orderly way, thus ensuring its embryonic (and often its post-embryonic) growth, as well as elaborating and refining its multicellular tissue patterns (see ref. 1 for review). Unfortunately, although considerable progress has been made toward understanding the origin and patterns of division of germinal cells in developing invertebrates (2) (3) (4) and in the bloodforming tissues of higher forms (5) , the germinal cells of most solid organs in vertebrates remain poorly understood.
The developing frog eye, like many organs that have been studied by [3H] thymidine autoradiography, forms a circumscribed growth zone, where a relatively modest number of germinal cells contribute new cells to the growing organ over a long period of time (6) (7) (8) (9) (10) (11) . For example, whereas in 2-day Xenopus embryos, the optic cup is made up of a few hundred replicating cells, from 4 days onward, the cells at the back of the eye have already differentiated, and mitosis is largely confined to a ring-like band of germinal cells along the front rim of the eye cup (6, 8, 9) . This partitioning of the eye cup into a large terminally differentiated area and a smaller germinal zone is rapid and striking. Yet comparatively little is known about the factors that specify germinal cell fates in some cells of the organ rudiment while others become terminally differentiated and mitotically quiescent.
In an attempt to elucidate this, we have transplanted small groups of embryonic eye cells from pigmented donor embryos into albino host eyes (9, 12) , transposing cells between the emerging germinal zone and the mitotically quiescent back of the eye and vice versa. Transplants that adopted a germinal cell fatet could be recognized readily in the growing eye by the persistent and orderly addition of new black tissue to the distal rim of the pigmented retinal epithelium (PRE), which formed an elongating black sector in the larval eye. Our findings indicate that, when the germinal zone is forming (at stages 36-38), pigmented germinal cells and PRE cells in the process of withdrawing from mitotic division are interchangeable and that, regardless of whether the graft is taken from the germinal or nongerminal region of the donor eye, only the cells implanted into the germinal zone of the host eye become germinal cells. This suggests that local environmental cues, rather than intrinsic determinants, specify nongerminal versus germinal cell fates in the developing eye. A preliminary account of this work has been presented (13) .
METHODS
The 399 pigmentation chimerae described in this report were prepared by embryonic microsurgery in 16 separate operating sessions in San Diego between January 1983 and May 1986. Embryos of the African clawed frog were obtained by chorionic gonadotropin-induced amplexus of adult mating pairs, reared from egg laying through the surgeries to maturity in 20% (vol/vol) saline [15% Holtfreter's and 5% Steinberg's saline], staged according to the normal tables (14, 15) , anesthetized in Finquel (tricaine) for surgery (diluted 1:5000) and for subsequent photographic sessions (diluted 1:2500-1:1500), maintained post-operatively in individual Falcon Petri dishes for 5-10 days, and then raised individually in 5-inch finger bowls on nettle powder. For surgical host embryos, we used spawnings of partially inbred strains of the periodic albino mutant in Xenopus laevis (aP/aP). This autosomal recessive mutation (16, 17) is autonomously expressed in the PRE of the eye (9) . For pigmented donor embryos, we used spawnings of pigmented wild-type X. laevis breeders imported from Africa, spawnings of the Xenopus borealis marker strain (18) , and F1 hybrids obtained by mating an albino male with an X. borealis female. Essentially four experiments were done and are designated as series I-IV in Fig. 1 20.) Beginning on the first post-operative day, and at regular intervals thereafter, individual chimerae were reanesthetized and the black/white pattern of the chimeric eye was photographed (x 37.5) using Polaroid 667 film and a Zeiss dissecting microscope (see Fig. 2 ).
Approximately 25% of the attempted transplants were frank surgical failures. Most of these cases failed to show any pigmented cells during the 5-day post-operative period; in a few others, pigmented cells evident on the first post-operative day had disappeared by the second post-operative day. Although select cases of both types of surgical failure were reared (and photographed regularly) through late larval stages, they never showed pigmented cells and are not included in the sample of 399 cases described (Results).
Representative cases (totaling about half the sample) were immersion-fixed at a succession of later tadpole stages (larval stages 50-66), for analysis of sectioned material. Some of these chimeric eyes were fixed in buffered glutaraldehyde/ paraformaldehyde, post-fixed in potassium dichromate and osmium, and used to prepare 1-,gm plastic sections stained with methylene blue; others were fixed in Carnoy's fluid, dehydrated through alcohols, and used to prepare 6-to 8-,Am paraffin sections stained with quinacrine HCl (19) .
RESULTS
In the first group of experiments, a small patch of pigmented cells from the nascent germinal zone on the front of the donor eye was introduced into a corresponding germinal zone site on the front of the host albino eye. Two variants of series I were carried out (Fig. 1) . In 165 series IA cases, a dorsal site (12 or 1 o'clock on a right eye) on the ring-like germinal zone was chosen for both the donor tissue and the host eye; in 51 series IB cases,-a ventral and slightly anterior (5 o'clock on a right eye) site was chosen for both the donor and host. In 50 of these 216 chimerae, the pigmented transplant either missed the host germinal zone altogether (24, dorsal; 5, ventral) or was displaced from the host germinal zone during the first 3 days after the surgery (17, dorsal; 4, ventral) . In all of these chimerae, the transplant stopped growing and remained as a small black spot on the back of the host PREthe host eye continued to grow by the addition of albino tissue to the front of the eye. In the great majority of other cases (n = 166: 124, dorsal; 42, ventral), one or more of the transplanted PRE cells continued to divide and adopted a germinal cell fate (Figs. 2 and 3 a and b ). The addition of cells to the PRE margin from the transplants was orderly and sustained over many weeks of larval growth, and in time resulted in a more or less continuous black sector in the chimeric eye. These sectors radiate out from the back of the eye, around the front of the eyeball, and often extend through the germinal zone to include a segment of the iris (Figs. 2 and 3b) . Consistent with earlier findings on the growth of the eye in Xenopus (9, 10), growth dorsally began to attenuate at mid-late larval stages, and, in some individuals (Fig. 3a) , the pigmented cells eventually withdrew from the germinal zone. In a number of other cases, the descendants of the transplant persisted within the germinal zone (and continued to add cells to PRE) throughout the life of the larva.
In a second series of experiments, small patches of pigmented PRE cells were transplanted from the mitotically quiescent zone at the back of the donor eye into the same position at the back of the albino host eye (Fig. 1) . In each case, the site chosen for both the transplanted cells and the implant into the host eye was in the dorsal quadrant of the eye, just proximal to the equator. In 37 of the 40 series II cases, the black patch healed into place on the back of the host eye. After a short period (lasting no more than a few days) of growth during which black cells were added to the transplant resulting in a modest increase in its size (Fig. 4a) , it remained as a small black spot at the back of the host eye, which changed little in either size or shape throughout the life of the animal. In the remaining 3 cases, the pigmented cells (20) .
of the transplant failed to heal into the host eye and remained as a small black nodule of ectopic eye tissue deep within the host orbit.
In the third series of experiments, germinal cells from the front of the donor eye were introduced into a dorsal (postequatorial) site in the mitotically quiescent PRE on the back of the host eye. Of 43 series III chimerae, the graft failed to integrate into the eye in only 3 chimerae. In the remaining 40 cases, the pigmented transplant healed into the host PRE; after a short period of growth during the healing-in period, it ceased to grow; and, as albino tissue was added to the front of the growing eye, it remained as a small black spot in the PRE on the back of the host eye. Two such cases are shown in Fig. 5 .
Finally, in a fourth series of experiments, pigmented PRE cells from the dorsal part of the eye, in the mitotically quiescent region behind the equator of the eye, were transplanted into the host germinal zone at either a dorsal (series IVA, n = 47) or ventral (series IVB, n = 53) implantation site. In 20 chimerae, the transplanted cells either missed the host germinal zone altogether (n = 10: 5 cases at the dorsal implantation site; 5 cases at the ventral site) or were displaced from it during the healing-in period ( (Fig. 6b) . In 25 series IVA chimerae (Fig. 6a) and in 40 series IVB chimerae (Fig. 6b) , pigmented cells continued to be generated in germinal zone during the life of the animals.
A detailed histological analysis of the chimeric material is beyond the scope of the present report, but here it may be mentioned that whenever the transplant appeared (on external view) to have become successfully integrated into the PRE on the back of the host eye, the sectioned material showed a small, coherent patch of black cells within the otherwise albino PRE layer near the optic nerve head at the back of the host retina; occasionally stray black cells were (Fig. 3a) , germinal descendants of this transplant eventually began withdrawing from mitosis (mw) and from the host germinal zone, and the resulting black sector was distally incomplete.
was always a well-integrated sector of black cells in the PRE, and, in the majority of these chimeric eyes, black cells were present in the iris, as well as in the PRE, and continued to proliferate within the germinal zone.
DISCUSSION
The aim of the present study was to examine the factors in the developing eye that restrict mitotic growth to a ring- (21, 22) . In our experiments transplants into the mitotically quiescent back of the eye often showed some cell division and growth during the "healing-in" period. This was usually short lived, but, in a few cases, integration of the transplant into the host eye was delayed for several days, and in these the phase of cell division and growth could be quite prolonged. It (12) . Indeed, in a majority of the cases in which PRE cells were transposed from the back of the eye into the
